In a previous study ( I ) regarding the nature of the glycosuria following tt{e administration of ether by the respiratory method, the following points were made. I. Glycosuria occurs in healthy adult dogs usually at the end of an hour and lasts from seven to twentyfour hours. 2. There is an accompanying hyperglycemia. 3-The source of the hyperglycemia is the liver, since a partial exclusion of this organ from the circulation by means of an Eck fistula prevents the occurrence of the hyperglycemia and the glycosuria. 4. Section of the splanchnie branches to the liver from the celiac plexus does not prevent the occurrence of the hyperglycemia and the glycosuria. This suggested that the hyperglycogenolysis associated with ether anesthesia could be caused independently of the participation of the splanchnics.
In a previous study ( I ) regarding the nature of the glycosuria following tt{e administration of ether by the respiratory method, the following points were made. I. Glycosuria occurs in healthy adult dogs usually at the end of an hour and lasts from seven to twentyfour hours. 2. There is an accompanying hyperglycemia. 3-The source of the hyperglycemia is the liver, since a partial exclusion of this organ from the circulation by means of an Eck fistula prevents the occurrence of the hyperglycemia and the glycosuria. 4 . Section of the splanchnie branches to the liver from the celiac plexus does not prevent the occurrence of the hyperglycemia and the glycosuria. This suggested that the hyperglycogenolysis associated with ether anesthesia could be caused independently of the participation of the splanchnics.
MacLeod (2) has shown for the glycosuria caused by asphyxia that, when the asphyxia is light, section of the splanchnics going to the liver entirely prevents the occurrence of glycosuria; but when the asphyxia is profound, then the section of the nerves fails to prevent glycosuria.
The question as to whether the hyperglycemia and the glycosuria that follow the administration of ether are due to an increase in the carbon dioxid content of the Mood as in the glycosuria of asphyxia, or whether they are expressions of diminished oxidative power on the part of the tissues, was not investigated. Observation made at the end of the anesthesia, when the hyperglycemia was present, gave no evidence of the venous type of Mood. But the only accurate * Received for publication, April 18, 1912. method of settling this point would be, as Henderson (3) suggests, to analyze the gaseous content of the blood.
An attempt was next made to find some method of producing ether anesthesia without causing asphyxia. The intravenous route was considered promising and attempts were made to induce anesthesia by such a procedure. The results form the subject matter of this communication.
In the beginning, ether was introduced in varying concentrations qn defibrinated blood, but this method was unsatisfactory because there resulted marked hemolysis and hemoglobinnria. Similarly when ether was introduced in blood serum these same disturbing factors occurred. Moreover, anesthesia was not complete.
The excellent method described by Rood (4) was then tried and was employed in all of our experiments. This observer describes a very satisfactory method for causing anesthesia. He found that a 5 per cent. solution of ether in normal saline made a uniform solution and that when this was introduced into the veins of a patient it produced a very satisfactory surgical anesthesia. In general, it required about eight ounces of the fluid to produce the state of anesthesia, and this could be maintained with as little as one pint per hour. Furthermore, hemoglobinuria was never produced and this made the problem of the study of the urinary findings much more satisfactory.
The method has been used on animals by several observers, but only within a year or two has it been applied to man (Burckhardt (5)). Since then it has been employed successfully in Germany, especially by K~immand, and in England by Rood. For the more practical points regarding its surgical value I shall have to refer the reader to the paper of Rood (6) . Suffice it to say here that in all of our dogs a satisfactory anesthesia could be obtained by this procedure. The amount of fluid necessary to produce anesthesia varied considerably with the size of the animal, ranging between 2oo and 6oo cubic centimeters. There was very little danger associated with administering the anesthetic and the animal came out rapidly. It was found in two cases, however, that, if too much of the solution was introduced rapidly when the animal was deeply anesthetized, death resulted speedily with paralysis of the respiration. The heart continued to beat strongly for some minutes, but attempts at resuscitation failed to revive the animalS. However, 'it must be said that with any reasonable care the anesthesia appears to be safe and effective.
EXPERIMENTAL PART.
Method. Good sized, adult female dogs were chosen. In the majority of the cases they were placed on a meat diet. Before the beginning of the experiment the animal was catheterized and the urine obtained was tested for sugar and albumin. The jugular vein was then exposed under local anesthesia (o.I per cent. cocain), and the ether solution was introduced directly into the vein by means of an apparatus modeled after that described by Rood. The solution was introduced at approximately the same rate in each experiment, about 15 ° cubic centimeters every fifteen minutes. The animals were catheterized every fifteen minutes, the amounts were recorded, and the specimens obtained were tested for sugar and albumin. In those experiments in which the blood sugar was studied, the technique employed was the same as that described in a previous paper ( I ).
At the conclu'sion of the experiments the animals were placed in metabolism cages and the urine collected for twenty-four hours was likewise tested for sugar and albumin. The qualitative test for sugar employed was always Fehling's, and for albumin the nitriC acid and heat, and the acetic acid tests. Quantitative determinations of sugar were made by the Bertrand method (7)-These experiments may be grouped into three general classes; (i) a preliminary series in which it was demonstrated that the anesthesia produced by the ether-saline method was accompanied by glycosuria; (2)a series in which the saline solution (o. 9 per cent.) alone was introduced intravenously; (3) a series in which the change in the percentage of the blood sugar was studied in each of the above types.
Other experiments confirmed the findings in series I, but in order to avoid unnecessary repetition the protocols will not be given in detail. The more complete experiments show all of the important findings in a very satisfactory way. From these it appears that the production of anesthesia by the intravenous administration of an Underhill and Closson (8) review the literature on salt glycosuria, and it may perhaps be permitted here to give briefly the important facts which these authors bring out in their paper in order that they may be compared with the findings in our series.
In i871 Boek and Hoffmann (9) found that large amounts of a I per cent. solution of sodium chlorid injected into the arterial circulation in rabbits produced a diuresis which was followed by the appearance of sugar in the urine. Kiilz (IO) obtained similar results with sodium chlorid, sodium acetate, sodium carbonate, sodium valerianate, and sodium succinate.
Martin Fischer (II) found that when a solution of N/6 sodium chlorid is injected into the lateral vein of the ear of a rabbit at the rate of 75 to Ioo c.c. every fifteen minutes, a polyuria makes its appearance in from ten to fifteen minutes and sugar appears in the tlrine about two hours after the beginning of the injection. When a more concentrated solution of sodium chlorid is used, N/2 sodium chlorid, sugar appears in the urine after 2o to 30 c.c. have been introduced. Solutions less concentrated than N/6 Sodium chlorid fail to produce a glycosuria, although a polyuria may be observed. Furthermore, when glycosuria has been established by saline infusions, the excretion of sugar may be markedly lessened or entirely inhibited by substituting for the salt solution a mixture of sodium and calcium chlorid.
Underhill and Closson state: " The fact that sodium chlorid solution when injected intravenously induces polyuria and glyeosuria; that the glycosuria appears more rapidly the greater the concentration of the salt solution; that the excretion of sugar may be lessened or inhibited by substitution of a mixture ~)f sodium chlorid and calcium chlorid; and that the introduction of the latter is followed by a temporary fall in the amount of urine excreted per unit of time, point to an increased permeability of the kidney as the factor involved."
Fischer observed later that if sodium chlorid solutions were injected into the arterial circulation, glycosuria ensued much more rapidly than when they were injected into the venous circulation. He formulates the conclusion that the mechanism of the production of salt glycosuria involves two factors, one, an action on the kidney causing diuresis, and a second, an influence on the diabetic center in the spinal bulb which causes glycosuria.
Underhill and Closson object that the above quoted deductions hardly seem conclusive, especially that there is not sufficient evidence for assuming a specific action of the salt on the diabetic center. They suggest that a more exact knowledge of the nature of the glycosuria occurring in each of the above types of sodium chlorid infusion could be arrived at by a study of the quantitative changes of the sugar content of the blood.
To put the matter briefly, Underhill and Closson found that associated with the intravenous injections of sodium chlorid there occurs a hypoglycemia during the time of appearance of sugar in the urine, whereas, when the sodium chlorid solutions were injected into the cerebral arterial circulation, the glycosuria is associated with a hyperglycemia but not with a polyuria. The increase in blood sugar that occurs later is referred by them to the influence of the accompanying asphyxia which inevitably leads to hyperglycemia and at times to glyeosuria (I2).
It was obviously of importance for us to ascertain whether the introduction of the normal saline solution was associated with a glycosuria. To establish this point several experiments were performed after the manner already described for the ether-saline injection.
Fresh 0. 9 per cent. sodium chlorid (Baker analyzed, chemically pure) was prepared for each experiment and sterilized by heat before being introduced into the veins. The protocols of a few of the experiments follow. The urine collected for twenty-four hours amounted to 2,500 c.c. This contained no sugar and only a trace of albumin.
ized before the beginning of the experiment, and the urine contained no sugar or albumin. 1,7oo c.c. of sterilized, freshly prepared o.9 per cent. sodium chlorid solution were introduced into the right internal jugular vein. Dog C 28. Brindle bull; weight 22 pounds. The animal was catheterized before the beginning of the experiment, and the urine obtained was negative for sugar and albumin. 2,000 c.c. of sterilized, freshly prepared 0.9 per cent. sodium chlorid solution were introduced into the right internal jugular vein. 
Introduction discon* tinued.
The urine collected for twenty-four hours after the experiment amounted to 
These experiments suffice to show that the introduction of physiological saline solution as described above does not cause the appearance of sugar in the urine, although in every case a marked diuresis occurred. In none of the experiments were there any definite respiratory disturbances and the animals made little resistance to the introduction of the solution. Other experiments gave concordant results, but are omitted here since their protocols show nothing of importance that the above recorded experiments do not fully demonstrate. In some of these experiments the blood sugar was studied quantitatively and the findings will be given later under another heading.
It was obvious, then, that the addition of ether to the saline solution gave to the solution the property of causing anesthesia and also the power of inducing the passage of a reducing substance into the urine.
It was then thought advisable to study more closely the mode of appearance of the glycosuria and the mechanism of its production. A series of experiments was undertaken for this purpose. In some of these a quantitative estimation was made of the sugar passed in the fractional catheterization and in the 'twenty-four hour voidings, and this will be found in the protocols given below. The blood sugar was also investigated and the results will be given later with similar findings in the saline series. The urine collected for twenty-four hours after the experiment amounted to 1,o2o c.c. and contained 1.911o gm. of dextrose but no albumin. Under surgical anesthesia.
SERIES
Introduction discontinued.
The urine collected for twenty-four hours after the experiment amounted to I,I6O c.c~ and contained 0.o9280 gin. of sugar and no albumin. 
anesthesia.
The urine collected for twenty-four hours after the experiment amounted to I,I9O c.c. and contained some sugar but no albumin.
This series verifies the findings in our preliminary experiment. A closer study of the results brings out the :following points.
The Flow of Urine.--Hawk (I3) has found that ether administered by the inhalation method inhibits the flow of urine during the anesthesia, but after the anesthesia is over the flow is accelerated.
In our experiments it was observed in general that the amount of urine voided during the fifteen minute intervals was considerably diminished in the ether-saline transfusion as compared with the saline transfusions alone, as is shown by the next t~ble.
In practically every case the total amounts of urine voided• during the experiments and for twenty-four hours afterwards were less in Evidently the addition of ethei-to the saline solution modifies markedly the extent of filtration through the kidney. The striking diuresis which follows the saline transfusion givesplace to an actual i'etention of fluid as measured by the comparison of the total output with the intake. The amount of fluid lost through evaporation {r ore the lungs and by the saliva necessarily is of importance in judging the relation of the fluid output to the intake. But for our purpose the results given above indicate with sufficient accuracy that ether exerts an inhibiting effect upon filtration throughthe kidney.
Furthermore, it has been reported :by Osterhaut (14) that the penetration of living cells by ions is retarded by anesthetics.
The Glycosuria.--It is of interest to find that the reducing body does not appear in the urine until after anesthesia has been produced. Absence of reflexes, flaccidity of the extremities, and marked dilatation of the pupils,--indicating the condition of anesthesia,--were always present to a varying degree prior to the ap= pearance of glycosuria. The phenomenon of glycosuria in this type is very intimately related to the state of the anesthesia.
In the majority of our experiments the reducing body was present in the urine as long as fifteen minute catheterizations showed that there was an appreciable flow, On the average, this flow lasted about one hour and forty-five minutes after the introduction of the saline had been discontinued. There was always a varying amount of sugar in the urine collected for twenty-~our hours. The •extent of the glycosuria withrelation to the amount of fluid transfused is shown in the In a general way the extent of the glycosuria is proportional to the amount of ether introduced into the veins, and consequently to the depth of the anesthesia. A similar relationship was found for the glycosuria following the respiratory method of anesthesia.
The Change in the Percentage of Dextrose in the Blood.--It would be of great importance to know what change in the percentage of dextrose in the blood, if any, was associated with this type of glycosuria. Accordingly, by the method described in a previous communication, samples of blood were taken before the beginning of the experiment and after the discontinuance of the transfusions.: These were analyzed for their percentage of dextrose by the OpplerBertrand (7) method.
The first point to be investigated was the percentage of dextrose in 'the blood before and after the simple saline transfusions, which were not associated with glycosuria or anesthesia. tabulated below,
The results are Dog. Following simple saline (0.9 per cent.) transfusion, there is, then, practically no change in the percentage of dextrose in the blood before and after the transfusion.
C21
With the effect of the saline component of the solution upon the sugar in the blood thus settled, the study of the change in percentage of dextrose in the blood following the saline-ether transfusion was undertaken. The results are given in tabular form. In some of the experiments the percentage of dextrose was so strikingly increased as a result of the saline-ether transfusion that it exceeded the upper limits of normal and denoted a true hyperglycemia. In other experiments there was only a slight change. In every case, however, the change was greater than that following the pure saline transfusions.
Thus it appears that the glycosuria in this type of anesthesia is more closely allied to a true hyperglycemia.
The rectal temperature was followed during the course of some of the experiments and may be just touched upon here. Time did Dog C 3~.
Before. Time.
[ z 5 mln. 45 mln. 
I I I I J I I t I I
22 hrs.
°
In all the experiments tabulated a rise of temperature is seen.
DISCUSSION.
The intravenous method of anesthesia as outlined in the preceding experiments produces a very satisfactory surgical anesthesia without any demonstrable signs of asphyxia. It is difficult to conceive that asphyxia plays a r6le here in the causation of the glycosuria, since blood taken at the end of the transfusion, while the animal was still deeply anesthetized, was never darkly venous in any of the experiments. The mucous membranes gave no evidences of cyanosis and the. animals were in all cases breathing the air of the room.
In some of the experiments there was considerable preliminary excitement during the introduction of the ether-saline solution. Before anesthesia was produced, struggling and rapid respirations were often observed, 'but were not followed by any noticeable periods of apnea. The respirations during the anesthesia were remarkably even in rhythm and depth. Whether acapnia is very intimately concerned as a causative factor in this type of glycosuria cannot, of course', be stated with certainty until analyses of the gases of the blood have been made, But no such analyses are available for this X The temperature was still elevated from the result of the saline-ether transfusion.
paper. However, the cycle of hyperpnea followed by apnea, which has been especially emphasized by Henderson (3), was not noticeably evident in any of our studies.
Apparently the ether must reach a concentration in the blood sufficient to produce anesthesia before glycosuria occurs. Blood taken at the end of the transfusion is always rich in ether. During the course of the transfusion ether is eliminated rapidly by the lungs. Occurring simultaneously with this there is always a greatly increased flow of saliva.
The question of whether the anesthetic administered in this way causes a diminished oxidation on the part of the tissues must be considered. Here again no exact analyses of the oxygen percentages in the blood in our experiments are available at this *ime. However, asphyxia, which is one of the causative factors in diminished oxidation, has been largely prevented. In spite of this, however, glycosuria occurs.
Subsequently other studies will be presented which are directed more especially to the gaseous metabolism during intravenous anesthesia.
The main features regarding the production of glycosuria by the respiratory and intraVenous routes agree quite strikingly. In the former series of studies the hyperglycemia and glycosuria were on the average quantitatively greater. This is in all probability due to the larger amount of ether used in that series,
CONCLUSIONS.
I. By introducing intravenously into dogs a solution of 5 per cent. ether in normal saline (o. 9 per cent.), a satisfactory surgical anesthesia can be produced.
2. Associated with this anesthesia a glycosuria occurs in healthy adult dogs fed on a meat diet.
3. Normal saline (0. 9 per cent.) introduced in exactly the same manner does not cause a glycosuria.
4-The glyeosuria is, in general, associated with a hyperglycemia, 5. The glycosuria does not make its appearance until the condition of anesthesia has been produced.
6. The intravenous method of producing anesthesia employed in our studies eliminates largely the factor of asphyxia.
